Lactobacillus casei is a facultatively heterofermentative species which is found in many habitats (e.g., dairy products, silage, human intestinal tracts, mouths, and sewage). This species is currently poorly defined, and members exhibit considerable phenotypic and genotypic heterogeneity (1, 6) . On the basis of phenotypic criteria, five subspecies of L. casei are recognized (viz. L. casei subsp. alactosus, L. casei subsp. casei, L. casei subsp. pseudoplantarum, L . casei subsp. rhamnosus, and L. casei subsp. tolerans) (7) . However, the status and interrelationships of these subspecies are unclear. Johnson (5) found high levels of deoxyribonucleic acid (DNA) relatedness between strains designated L . casei subsp. casei and L. casei subsp. alactosus, whereas L. casei subsp. rhamnosus strains exhibited relatively low levels of homology (<40%) with strains of L. casei subsp. casei. In a more comprehensive study, Dellaglio et al.
(1) found that L. casei subsp. alactosus, L. casei subsp. pseudoplantarum, L. casei subsp. tolerans, and most strains designated L . casei subsp. casei formed a single homology group distinct from the type strain of L . casei subsp. casei. In view of the uncertainty as to the status of these subspecies and the unsatisfactory nomenclature of the L. casei group, we examined their genetic interrelationships by using DNA-DNA hybridization.
MATERIALS AND METHODS
Cultures. Details concerning the strains which we used and their sources are given in Table 1. DNA-DNA hybridization. Cells were grown in MRS broth (2) overnight at 30°C, harvested in the late exponential phase by centrifugation, and washed with distilled water. DNA was prepared by using a modification (3) of the method of Garvie (4). DNA-DNA hybridizations were performed by using the membrane filter method described by Garvie (4), except that we used stringent washing (filters were washed twice in 10 ml of 2X SSC [l X SSC is 0.15 M NaCl plus 0.015 M sodium citrate] and twice in 10 ml of 0 . 2~ SSC). Biochemical tests. Biochemical tests were performed by * Corresponding author.
using the API 50CH system (API-Biomerieux) according to the instructions of the manufacturer. Test preparations were incubated at 30°C, and readings were made after 24 and 48 h.
RESULTS AND DISCUSSION
The results of DNA-DNA hybridization experiments are shown in Table 1 . Only a single strain (NCDO 173) exhibited a high level of DNA relatedness (80%) with the type strain of L. casei subsp. casei (NCDO 161). All other L. casei strains (including those designated L. casei subsp. alactosus, L. casei subsp. casei, L . casei subsp. pseudoplantarum, L. casei subsp. and tolerans) displayed low levels of relatedness (ca. 10 to 20%) with strain NCDO 161T (T = type strain). A total of 27 strains labeled L. casei subsp. casei formed a single homology group when DNA from strain NCDO 151T was used as the reference. All of the strains of L . casei subsp. alactosus, L. casei subsp. pseudoplantarum, and L. casei subsp. tolerans examined also displayed high levels of homology (ca. 65 to 85%) with strain NCDO 151T. Thirteen strains designated L. casei subsp. rhamnosus formed a relatively homogeneous group which exhibited high levels of relatedness (65 to 100%) with L. casei subsp. rhamnosus NCDO 243T. The L. casei subsp. rhamnosus strains showed only low levels of relatedness (ca. 10 to 20%) to members of the strain NCDO 161T and NCDO 151T homology groups.
The results of this present study clearly show that the species L. casei as currently recognized is genomically heterogeneous , in accordance with the earlier findings of
Dellaglio et al. (1).
The DNA hybridization data indicate that most members of the species (including strains of L . casei subsp. alactosus, L. casei subsp. casei, L. casei subsp. pseudoplantarum, L . casei subsp. rhamnosus, and L. casei subsp. tolerans) are genetically unrelated to the type strain of L . casei subsp. casei (strain NCDO 161). The recovery of the majority of strains designated L. casei subsp. casei together with members of L . casei subsp. alactosus, L. casei subsp. pseudoplantarum, and L. casei subsp. tolerans in a single homology group displaying low levels of homology with the type strain indicates that these strains warrent a new species, for which we propose the name Lactobacillus paracasei (pa.ra.ca'se.i. Gr.prep. para, resembling; L.gen.n. casei, a specific epithet; M.L.adj. paracasei, resembling L . casei). We believe that strains previously designated L . casei subsp. tolerans are phenotypically so distinct that they should retain separate subspecific status (i.e., L . paracasei subsp. tolerans).
The high levels of homology exhibited by members of L . casei subsp. rhamnosus and the low levels of relatedness to all of the other strains examined indicate that this taxon should also be elevated to species rank, as first suggested by Dellaglio and associates (1) . We propose the name Lactobacillus rhamnosus (rham.no'sus. M.L.adj. rharnnosus, pertaining to rhamnose) sp.nov. is proposed far this organism. Full descriptions of L . paracasei subsp. paracasei, L . paracasei subsp. tolerans, and L . rhamnosus are given below. These taxa can be distinguished from each other and from L . casei by using the criteria shown in Table 2 .
Description of Lactobacillus paracasei subsp. paracasei. Cells are rod shaped (ca. 0.8 to 1.0 by 2.0 to 4.0 pm), often with square ends, and occur singly or in chains. Nonmotile. Grows at 10 and 40°C; some strains grow at 5 and 45°C. Facultatively heterofermentative. L-( +)-Lactic acid is produced; a few strains produce inactive lactic acid due to the activity of L-lactic acid racemase. Acid is produced from amygdalin, arbutin, cellobiose, D-fructose, galactose, Dglucose, maltose, mannitol, and D-mannose, melezitose, N-acetylglucosamine, salicin, D-tagatose, and trehalose. Most strains produce acid from P-gentiobiose, gluconate, lactose, a-methyl-D-glucoside, ribose, sorbitol, sucrose, and D-turanose. A few strains produce acid from adonitol, Darabinose, D-arabitol, dulcitol, D-fucose, glycerol, inositol, inulin, D-lyxose, ribitol, L-sorbose, and starch. Acid is not produced from L-arabinose, L-arabitol, erythritol, L-fucose, 2-keto-gluconate, 5-keto-gluconate, a-methyl-mannoside, Pmethyl-xyloside, rhamnose, xylitol, D-xylose, and L-xylose. Ammonia is not produced from arginine. Esculin is hydrolyzed. Urease negative. Murein type LYS-D-ASP. The guanine-plus-cytosine content of the DNA ranges from 45 to 47 mol%. Isolated from dairy products, sewage, silage, humans, and clinical sources.
The type strain is strain NCDO 151. In most respects the description of the type strain resembles the description of 
